Implications of last NA64 results and the electron g e − 2 anomaly for the X(16.7) boson survival
The ATOMKI experiment [1] has found 6.8 σ excess of events in the invariant mass distribution of e + e − pairs produced in the nuclear transition of excited 8 Be * to its ground state. Recently these results have been confirmed [2] . The ATOMKI result can be interpreted as the emission of a new protophobic gauge boson X with a mass of 16.7 MeV followed by its X → e + e − decay assuming that the X boson has vector coupling to electrons in the range 3 × 10 −4 ≤ ǫ e ≤ 1.4 × 10 −3 and the lifetime 10 −14 ≤ τ X ≤ 10 −12 s [3] . In the model proposed in [3] X-boson interacts with B or B − L current and the electromagnetic current, so its interaction with electrons is vector like. In ref. [4] 
The X(16.7) boson contribution to the anomalous electron moment for m X ≫ m e is [10] (g e − 2)
Recent precise determination of the fine structure constant, α allowed to determine [6] α −1 (Cs) = 137.035999046(27) .
The use of the value (4) for the fine structure constant α leads to the prediction for the anomalous electron magnetic moment [7, 8] with the 2.4 σ negative discrepancy with the measured electron magnetic moment, namely [9] ∆a e ≡ a exp e − a SM e = (−0.87 ± 0.36) × 10 −12 ,
where a e ≡ (g e − 2)/2. In this note we point out that last NA64 bounds on coupling constant of hypothetical X(16.7) vector boson with electrons plus the recent value (5) of the anomalous electron magnetic moment exclude at 90 % C.L. purely vector and axial vector couplings of X(16.7) boson with electrons. Models with nonzero V ± A coupling constant with electron survive and moreover they can explain both the electron and muon g − 2 anomalies.
Consider at first the case of vector interaction (2), i.e. ǫ Ae = 0. There are several methods to obtain upper bound on the ∆a e from the value (5) of the electron ∆a e in the assumption that new physics contribution to ∆a e is non negative that is valid for the model with vector interaction of the X(16.7) with electron. In Cousins-Feldman method [11] 1 as it follows from Table 10 of ref. [11] at 90 % C.L. ∆a e ≤ ∆a e (C.F.) = 0.12 · 10 −12 ,
1 Here we assume that ∆a e is random variable which is distributed as
In Bayes method the upper bound on ∆a e at 90 % C.L. is determined from the equation
where µ 0 = −0.87 and σ = 0.36. Numerically we find that at 90 % C.L.
The Bayes value (11) for ǫ eV upper limit is by factor 1.5 higher the Feldman-Cousins value (7) . Both Feldman-Cousins and Bayes upper limits are smaller than the lower limit (1) on ǫ eV which was obtained from the last NA64 bound [5] on visible dark photon decays. So we conclude that the use of the last NA64 bound (1) plus the experimental value (5) allows to exclude the X(16.7) model with pure vector interaction at 90 % C.L.
In general case as a consequence of the experimental value (5) and the formulae (3) we find
Consider at first the case of pure axial-vector interaction, i.e. ǫ V e = 0. As a consequence of (12) we find ǫ Ae = (0.49 ± 0.09) × 10 −3 .
This value of ǫ Ae is excluded at 90 % C.L. level by the last NA64 bound (1) 2 . Consider now the case |ǫ V e | = |ǫ Ae | corresponding to the interaction of X(16.7) with right-handed or left-handed electrons. For this case the estimate for ǫ Ae reads ǫ Ae = (0.55 ± 0.10) × 10 −3 .
while the NA64 bound for ǫ Ae is
So we see that the model where X(16.7) interacts with left-handed or right-handed electron survives at 90 % C.L. for 9.6 · 10 −4 ≥ ǫ e ≥ 6.8 · 10 −4 and moreover it explains the 2.4σ discrepancy between the theory and the experiment for electron (g e −2) anomaly. The NA64 experiment has to increase its sensitivity to ǫ 2 parameter by factor 2 to discover or reject the X(16.7) model with V ± A couplings. 3 Note that in ref.
[12] a model with additional light vector boson interacting with righthanded fermions of the first and second generations has been proposed. The model does not have γ 5 -anomalies and the extension of the SM is possible for nonrenormalizable Yukawa interaction. For instance, for the electron and muon doublets L e = (ν eL , e L ), L µ = (ν µL , µ L ) 2 The NA64 bound (1) for nonzero ǫ Ae and m A ' ≫ m e reads ǫ e ≡ ǫ 2 V e + ǫ 2 Ae ≥ 6.8 · 10 −4 . 3 For rather artificial case g 2 V e ≈ 5g 2 Ae the contribution of the X(16.7) boson to the ∆a e is suppressed and the values ǫ V e ∼ O(10 −3 ) are not excluded.
Here Φ is complex scalar field with < Φ > = 0 responsible for X(16.7) vector boson and lepton masses and H = (H + , H 0 )) is the Higgs isodoublet. For the X(16.7) model in the unitaire gauge Φ = Φ * , H = (0, h √ 2 + < H >) neutral scalar field φ = √ 2(Φ− < Φ >) interacts with electron and the effective Yukawa Lagrangian is
where h e =h e<H >
The contribution of the scalar field φ to the anomalous magnetic moment of electron is positive but it is negligible in comparison with the contribution (3). For anomalous magnetic moment of there are two contributions: the first one is negative contribution of the X boson and the positive contribution of the φ-scalar contribution. The Yukawa interaction (16) of the scalar field with muon leads to one loop contribution to muon anomalous magnetic moment [10] ∆a
where
and for light scalar
One can find that that the scalar with a mass m φ ≈ 90 MeV cancels the negative X-boson contribution [10] ∆a µ (X) = ǫ 2 V e α 2π
and reproduces the correct value of the muon g µ − 2 anomaly 4 ∆a µ ≈ 3 × 10 −9 [10] . It should ve noted that for the scenario with dark photon decaying mainly into invisible particles last NA64 invisible bound [13] leads to the bound ∆a e | ≤ O(10 −14 ) for dark photon, dark scalar particles with masses m X ≤ 1 GeV . For instance, for m X = 16.7 MeV NA64 bound on ǫ for invisible dark photon decays is |ǫ| ≤ 0.52 · 10 −4 that leads to the bound on the anomalous electron magnetic moment |∆a e | ≤ 1.9 · 10 −15 ; 9.7 · 10 −15 ; 1.7 · 10 −14 ; 1.95 · 10 −14 for vector, axial vector, scalar and pseudoscalar mediators. It means that NA64 bounds for invisible mode on coupling constants of light hypothetical particles with electron are much stronger than the corresponding bound from anomalous magnetic moment ∆a e for electron.
Let us formulate our results. Last NA64 bound on ǫ parameter for visible dark photon decays plus the experimental value of the anomalous electron magnetic moment exclude X(16.7) model with pure vector or axial vector interactions. The model with V ± A interaction still survives and moreover it can explain both the electron and muon (g − 2) anomalies. 4 Here λ X = mµ MX .
